Introduction
Affinity chromatography, which depends on the specific interactions between pairs of biological materials, has become a widespread method for purification of a number of biological materials. However, affinity media are expensive and have relatively short lives, because biological ligands are usually used. Recently, affinity media utilizing various kinds of dye as cheap and stable synthetic ligands have widely been used, especially in industrial purification, due mainly to economic reasons. The dye ligand has affinity for a group of materials that have common properties. Such ligands are thus called groupspecific ligands. A suitable adsorption and elution condition has to be chosen for the isolation and purification of a targeted material by use of an affinity medium with dye ligand.
In the present work, stable tyrosyl-tRNA synthetase (EC 6.1.1.1) from thermophilic bacterium
Bacillus stearothermophilus was isolated and purified with two consecutive group-specific affinity chromatographies after proper pretreatment. The effects of operating conditions such as the column scale, the ionic strength of the eluent and the liquid velocity on the performance of affinity chromatography were studied by use of the final-step affinity medium, This enzyme has a specificity for its substrate and can be used for synthesis of oligopeptides in vitro.5) Therefore, a purification technique of it on an industrial scale is significant, though the purification on a laboratory scale has already been presented.5) Since aminoacyl-tRNA synthetases generally are unstable and liable to be inactivated, it is preferable to obtain the enzymes from thermophilic bacteria. These are expected to have good storage stabilities for practical uses. Amicon Corporation) was used to investigate the effects of operating conditions on the performance of affinity chromatography. Other, larger columns were designed to obtain uniform distribution of liquid flow within them. The chemicals used for the purification were of reagent grade. Temperature was kept at 278-280 K during the purification. stearothermophilus UK788 strain origin) were prepared. A mixture of the tyrosine solution (0.01 cm3), the buffer solution (0.015cm3), the tRNA solution (0.01 cm3) and distilled water (0.04cm3) was preincubated for lOmin at 303K and 0.002cm3 of appropriately diluted tyrosyl-tRNA synthetase sample was added. The mixture was incubated for 4min at the same temperature. The mixture of 0.05 cm3 was sampled and applied to a GF/C filter paper (Whatman).
The paper was washed in a 0.2moM"1 ofHC1 three times to remove unreacted tyrosine, dried, immersed in a liquid scintillator (Econofluor, New England Nuclear) and counted in a scintillation counter (LSC-700, Aloka). One unit of tyrosyl-tRNA synthetase is defined as the amount of the enzyme that catalyzes the formation of 1 nmol oftyrosyl-tRNA in lOmin at 303K. The concentration of protein was calculated from the absorbance of the solution at 280nmon the assumption that the optical factor for protein is 1.0.
Results and Discussion
2.1 Large-scale purification of tyrosyl-tRNA synthetase Table 1 shows the results of large-scale purification of tyrosyl-tRNA synthetase. Although similar purification on a laboratory scale has already been reported,^in the present work the operating conditions, specifications and related instruments were changed for large-scale operation to obtain a final purity as high as that on the laboratory scale. The increase in specific activity during the desalting by gel chromatography might be due to the elimination of some low-molecular weight inhibitor(s), because after this step the total activity of tyrosyl-tRNA synthetase also increased 81-fold. 
Using the linear driving-force relation, the mass transfer rate can be expressed as follows3'8*:
Equation (5) can be integrated by use ofEq. (4), and, if the isotherm is of the Freundlich type, the integration can be conducted analytically1*: Figure 1 shows a breakthrough curve at a superficial liquid velocity of ll.1 cm-h"1. From this curve, Kfa, the averaged volumetric coefficient of overall mass transfer, was calculated between XB=0.1 and XE =0.9
by use of Eq. (6) and the value of 0.005s"1 was obtained. From the material balance on a volume element of differential height within an adsorbent bed, the following equation is derived3'8*:
The solid line in Fig. 1 shows the profile of the breakthrough curve calculated numerically from Eqs. (1), (5) and (7) by use of K^a=0.005s"1 and pb= 0.75g-cm~3, and e&=0.253 and Dz=3xl0 '5 cm^s"1 determined by the impulse-response method6'9* utilizing KC1. The calculation was performed by dividing the column height into 40 and with a time interval of 0.5s. The profile shows good agreement with the experimental points.
3) Effect of column size Figure 2 shows the elution profiles for the columns of 1.65 and 18.4cm i.d. The abscissa indicates the time from the start of supply of the enzymesolution on the column. The height of the adsorbent bed was 8cm in both columns. Though there were slight differences in operating conditions between these two columns, the elution curves show similar profiles. It is possible to scale up the column diameter to 18.4cm i.d. in affinity chromatography provided the column is carefully designed and manufactured to obtain a uniform flow distribution over the cross-sectional area of the column. tyrosyl-tRNA synthetase from Matrex Blue A is carried out with an eluent of high ionic strength, elution of impurities that have higher affinities for the medium results in a lower purity of the eluate. So in the present work, tyrosyl-tRNA synthetase was eluted with an eluent of a comparatively low ionic strength of0.35 (OJmol-r1 KC1 in the Tris-HCl buffer). To calculate the elution curve, the following equations concerning KC1 were used to obtain the average concentration of KC1in the adsorbent beads.
pbqa=0J41Ccl (10) By use of the average concentration and Eqs. (l)-(3) the adsorption equilibrium was determined, and the elution curve was calculated with Eqs. (5) and (7). DzCl was regarded as equal to Dz. KfCla was determined to be 0.05s"1 by the step-response meth- (3), (5) and (7)-(10). As shown in Fig. 3 , they agreed well with the experimental profiles. Values of the specific activity and the purification measured are shown in Table 2 .
With increasing KC1concentration the elution profile becamesharper. On the other hand, elution of some impurities bound to the adsorbent more tightly than tyrosyl-tRNA synthetase resulted in a gradual decrease in purification, as shown in Table 2 . The ionic strength of the eluent must be determined so as to be optimal for the purification by considering the specific activity, the yield and the operating time needed. In the present work, a KC1concentration of0. 0.005s"1 forKfafor 18.5 and26.7cm-h"1.
Thevalues ofDz used for the calculation were 6 x 10~5 cm2à"s"1 for the superficial liquid velocity of 18.5 cm-h"1 and 2) In affinity chromatography with Matrex Blue A, the effects of operating conditions on performance were studied. Column diameter can be scaled up to 18.4cm i.d. without appreciable change in the elution profile. The effect of ionic strength in the eluent due to KC1on purification and elution profile was studied within the range of KC1concentration 0.1-0.6 mol-I"1. The elution profile may be estimated numerically, taking the effect of KC1 concentration on the adsorption equilibrium of tyrosyl-tRNA synthetase into account. The purification decreases gradually and the elution profile becomes sharper with increasing KC1concentration.
3) During storage of tyrosyl-tRNA synthetase in Tris-HCl buffer containing ammoniumsulfate at 277-278 K the decrease of enzymatic activity was negligible after 39 days. 
